A new class of video game called exergame (EXG) has been used to promote physical activity and cardiovascular fitness, but EXGs are not as efficient as traditional aerobic exercises. However, auxiliary tools, such as the mini trampoline (MT), may enhance the physiological responses obtained by the EXG. The aim of this study was to compare the metabolic and cardiovascular responses of a stationary running EXG with and without an MT. Nineteen healthy males performed a treadmill test for the determination of VO 2 max and HRmax. In sequence, the VO 2 , HR, and METs were measured during the Free Run, a Nintendo Wii's stationary running EXG, according to two distinct protocols. One protocol used the traditional EXG (EXG-PT), and the other protocol used an MT during the EXG (MT-PT). The normalized data were analyzed by statistical software SPSS 20.0 using a t-test and ANOVA for repeated measures (p < 0.05). The results supported that stationary running EXG performed on an MT showed an increased intensity, in all variables analyzed, when compared with the traditional EXG. Furthermore, the MT-PT was classified as a vigorous-intensity exercise and EXG-PT as a moderate to vigorous intensity exercise. In conclusion, these findings support that the MT is a feasible auxiliary tool to enhance physiologic responses during a stationary running EXG. iary tools may enhance the results obtained during an EXG, improving the virtual experience and allowing users to improve upon their current results.
INTRODUCTION
Despite the potential proposed by the EXG, studies that compared variables such as heart rate (HR), oxygen consumption (VO 2 ) positive well-being, and caloric expenditure between EXG and traditional exercises showed that the effects of EXGs might not be as efficient as those of traditional exercises; moreover, traditional aerobic exercises produce a higher intensity workout than EXGs [6, 7, 8, 9] .
These findings support that EXGs can be an additional form of exercise but not a replacement for traditional exercise. However, auxil-
Study protocol
All the procedures were performed at the Physical Activity in Virtual Environment Laboratory (LAFAV, IFSULDEMINAS, Campus Muzambinho, Minas Gerais, Brazil). The experimental design consisted of two blocks: block 1 was composed of one session (day 1) of anthropometric assessments (height, weight, and body composition), ergospirometric parameters (VO 2 max and HRmax), and to conclude the first session, each participant playing Nintendo Wii Fit Free Run for 20 minutes to ensure an equal experience with the EXG between the participants.
Block 2 was composed of two sessions (day 2 and day 3). On the second day of the study, participants were randomly divided into two groups, labeled "sample A (n = 10)" and "sample B (n = 9)". 
Block 1: Anthropometric assessment and ergospirometric parameters
The subjects' body weights, heights and body composition (lean mass and body fat) were analyzed by using a Bioelectrical Impedance Analyzer (RJL systems, Quantum II, Clinton Township, MI, USA). To qualify for bioelectrical impedance analysis, the participants were required to meet the following conditions: (a) abstain from ingesting antidiuretic medications, alcoholic beverages, and food or beverages containing caffeine for the last 24 hours prior to the test; (b) avoid vigorous exercise and sauna for the last 8 hours prior to the test;
(c) obtained a minimum of 8 hours' sleep and ingested the recommended amount of water the day preceding the test [19] .
The VO 2 max was assessed on a treadmill by measuring respiratory gases with the VO2000 portable automated system (MGC Diagnostics, Saint Paul, MN, USA). The unit, including battery pack, harness, and cables, weighs 1.5 kg and uses the preVent™ Pneumotach to measure ventilation from expiratory flow volumes. This gas analyzer uses a proportional sampling valve and a 3-breath average for the measurement of oxygen uptake (VO 2 ), carbon dioxide output (VCO 2 ), and minute ventilation (VE) every 10 seconds. The
Breeze Suite software v. 6.4.1 (MGC Diagnostics, Saint Paul, MN, USA) was used for data collection and manipulation.
Before each VO 2 max determination, the gas analyzer was cali- Following previous studies in which it was proposed that performing exercises on an MT increased their difficulty level, we hypothesized that the variables evaluated would be higher with an MT than on traditional EXG.
MATERIALS AND METHODS

Subjects
The sample was composed of 19 healthy males recruited from a university student population. The subjects neither maintained a phys- Table 1 . Note: Anthropometric and ergospirometric data on participants (n = 19, Muzambinho-MG. Brazil).
followed the protocol proposed by Worley [20] . The test was initiated at 2.5 mph and a 4% grade. Every 2 minutes, the treadmill speed was increased by 1 mph, and the 4% grade remained constant.
As the primary criterion, VO 2 max was defined as the point at which a plateau in VO 2 occurred with an increasing workload. To determine if there was a plateau in the VO 2 during the maximum test, the highest mean value of oxygen uptake found in the last 30 seconds of each stage was used. A variation ≤150 mL.min -1 in VO 2 after the speed was increased was considered a plateau. The following were adopted as secondary criteria: (a) HR ≥90% of predicted HRmax for age (220 -age); (b) RER ≥1.10; and (c) ≥16 points on the 20-point Borg scale [21] . When these criteria were not met, the peak VO 2 (VO 2 peak) was assumed to be the average of the three highest values found during the test [22] . An automated filter was used to exclude VO 2 data that presented a respiratory quotient (RQ) <0.6 or >1.2, or a VO 2 or VCO 2 <50 mL/min [23] .
Block 2: Measurement of physiological responses during the EXG
The Nintendo Wii console simulated the virtual environment. The input device that allowed interaction between the EXG and the subject was a Wii Remote, which is equipped with an accelerometer capable of detecting motion in three dimensions and communicates via Bluetooth with the EXG, responsible for detecting and transmitting to the console infrared signals generated by the Wii Remote. Thus, the movements were reproduced accurately in real time, allowing an authentic reproduction of the player's movements in the projection screen's virtual environment [24, 25] . The software Wii Fit Plus, which contains approximately 50 different exercises, was used.
All the participants played the Wii Fit Plus game, Free Run during the EXG-PT and the MT-PT test phases. The EXG-PT was performed directly on the floor. In contrast, the MT-PT was performed on an MT.
In both protocols, the Wii Remote was attached to the medial third of the participant's right thigh with an elastic band. Each protocol was performed for 8 minutes at a self-paced intensity. The subjects were instructed to run as they would in their own homes. The virtual distance (VD), a score given by the Free Run game as feedback for the player, is described to be a reliable measure of the intensity of the game [26] . They were not given a set pace, but they were instructed to cover as much VD as possible during the first protocol [26, 27] . The VD covered in the first protocol was recorded, and the participants were advised to achieve this same distance in the second protocol. The correct running technique was demonstrated to the participants, and verbal reminders were given throughout to ensure that the participants lifted their knees. This was necessary to prevent shuffling of the feet, which resulted in a faster step rate, and therefore a larger VD, without a similar increase in the physiological response [26] .
During these procedures, physiological responses (VO 2 , HR, and METs) were measured using the VO2000 device (MedGraphics, Saint
Paul, MN, USA) coupled with an HR monitor (S810; Polar Electro Oy, Kempele, Finland). Before each experimental procedure, the system was calibrated. Gas exchange and HR were collected continuously for 10 minutes in both protocols. Using Breeze Suite software, the physiologic data were separated into different time segments 
RESULTS
Oxygen consumption
The t-test revealed that the overall average of %VO 2 max in the MT-PT was significantly higher than that in the EXG-PT (p < 0.001) ( Table 2 ). The exercise intensity in the MT-PT was considered as vigorous (68.9 ± 17.2 %VO 2 max) and that in the EXG-PT as moderate (53.4 ± 8.9 %VO 2 max). Two-way ANOVA for repeated measures revealed a significant time effect (p< 0.001) for both EXG-PT and MT-PT (Figure 2 ). In addition, it was indicated a significant interaction between protocols. Post hoc test indicated a significantly higher %VO 2 max in MT-PT than in EXG-PT at minutes 4 (p = 0.039), 6 (p < 0.001), and 8 (p < 0.001) (Figure 2 ).
Cardiovascular responses
The t-test indicated that the overall average of %HRmax in the MT-PT was significantly higher than that in the EXG-PT (p = 0.013) ( Table   2 ). The exercise intensity during the MT-PT was considered as mod- 
Metabolic equivalents
The t-test revealed that the overall average METs in the MT-PT was significantly higher than that in the EXG-PT (P < 0.001) ( Table 2 ). 
Statistical analysis
Data were processed, and statistical analysis was performed using
SPSS version 20.0 (SPSS Inc, Chicago, IL). Shapiro-Wilk test demonstrated a normal distribution of data. A paired t-test was used to
compare differences between the overall average of EXG-PT and MT-PT over three variables (%VO 2 max, %HRmax, and METs) expressed as a mean percentage (± SD). Two-way ANOVA for repeated measures was performed to compare differences between the experimental protocols over five time points (baseline and minutes 2, 4, 6, and 8). Bonferroni's post hoc test was used to indicate statistical differences between groups. Differences were considered statistically significant at p < 0.05.
FIG. 2. Significant differences on time effect within protocols:
# represents difference from baseline (p<0.05); † represents difference from minute 2 (p<0.05); ‡ represents difference from minute 4 (p<0.05). Significant differences between protocols: * (p<0.05); *** (p<0.001).
FIG. 3. Significant differences on time effect within protocols:
# represents difference from baseline (p<0.05); † represents difference from minute 2 (p<0.05); ‡ represents difference from minute 4 (p<0.05); ¥ represents difference from minute 6 (p<0.05). Significant differences between protocols: * (p<0.05); ** (p<0.01).
The exercise intensity during both the MT-PT and EXG-PT were considered as vigorous (7.7 ± 2.1 METs and 6.0 ± 1.1 METs, respectively). Two-way ANOVA for repeated measures revealed a significant time effect (P = 0.001) for both EXG-PT and MT-PT (Figure 4) . In addition, it indicated a significant interaction between protocols. Post hoc test showed that METs were significantly higher in the MT-PT than in the EXG-PT at minutes 4 (P = 0.022), 6 (P = 0.019), and 8 (P = 0.015) (Figure 4 ).
DISCUSSION
The main finding of this study is that all the analyzed variables measure [26] . Therefore, at the first session of block 2 (day 2), the participants were instructed to cover as much VD as they could.
Subsequently, at the second session of block 2 (day 3), the participants were instructed to cover the same amount of VD as they had in the first session. No difference was found between the VD performed in the two protocols (Table 2) .
Because sports EXG are designed to replicate the real sports and their physiological demands, new techniques that could contribute to a more meaningful experience of EXG should be considered and evaluated. In practical terms, this study provides evidence that the MT used during the Free Run EXG can promote a more effective and intense workout than the EXG by itself and that it can be considered a vigorous-intensity exercise fulfilling the ACSM requirements for physical activity.
Despite the findings of this study, some limitations should be Other studies have been proposed the MT as a useful tool for exercise training. For example, a study developed by Sukkeaw et al. [35] suggested that aerobic dance performed on an MT, compared with a dance performed on a hard surface, contributed to increased leg muscular strength, decreased foot plantar pressure, and more effective balance training. Even though our study did not evaluate the same variables, this study partially corroborates our findings, which propose that exercises performed on an MT could generate greater physiological responses than those performed on a rigid and stable surface. We hypothesized that the higher physiological demands promoted could be due to the rebounding and instability of the elastic surface of the MT, thus it would require a greater effort to perform the exercise and maintain balance. Furthermore, other studies have indicated that the MT has a great potential to promote physical fitness, body composition modifications, and beneficial cardiovascular and metabolic responses [36, 37, 38] . However, as far as we know, no other study has investigated the cardiovascular responses to the MT during an EXG.
It is worth mentioning that both protocols (EXG and MT) were performed at the participant's own pace, and studies suggest that these exercises positively affect training adherence, motivation, and affective responses [39, 40, 41] . However, self-paced exercise could be influenced by external factors such as mood and motivation, thus leading to differences in our study. In order to control this situation, the VD provided by the Free Run game was used as a reference 
